Introduction
============

Tracheobronchial foreign body (TFB) is one of the most common pediatric emergencies. It occurs more commonly in children under the age of five, owing to their insufficient airway protection reflex, poor chewing ability, and harmful habits of exploring objects with mouth as well as eating while crying or playing. TFB may lead to serious complications such as airway inflammation, hemoptysis, bronchiectasis, pulmonary atelectasis, and even asphyxia and death.[@b1-tcrm-11-1291]--[@b3-tcrm-11-1291] Nowadays, although the health care education has been propagandized, the incidence of TFB has not been reduced. TFB is the forth leading cause of accidental death for children aged less than 3 years.[@b4-tcrm-11-1291] Early diagnosis and prompt treatment are the keys to reduce TFB-related complications and mortality. Chest radiography, computed tomography (CT), and rigid bronchoscopy are commonly used in the diagnosis of FB aspiration.[@b5-tcrm-11-1291] Management of foreign body (FB) aspiration depends on the type and location of FB. Flexible or rigid bronchoscopy is the main method used to remove FBs in the airway.[@b6-tcrm-11-1291],[@b7-tcrm-11-1291] Tracheotomy is performed on rare occasions, for example, the FB is too large to pass the subglottic region, or is sharply pointed and risks perforating the airway.[@b8-tcrm-11-1291] From January 2010 to December 2013, 2,000 children with TFB were treated in our hospital and their medical records were reviewed retrospectively. This study aims to report our experience in the diagnosis and treatment of TFBs and evaluated the location and type of FBs, anesthesia methods, outcomes, and complications.

Materials and methods
=====================

Patients
--------

We retrospectively reviewed medical records of 2,000 TFB patients (1,260 males and 740 females) who were treated at the Second Affiliated Hospital of Xi'an Jiaotong University School of Medicine (Xi'an, People's Republic of China) between January 2010 and December 2013. Their median age was 2.4 years (range 0.3--12 years). Inclusion criteria were as follows: 1) history of FB aspiration, 2) presence of TFB on the basis of imaging tests, and 3) recurrent cough or dyspnea. Patients with evidence of asthma were excluded from this study. All the 2,000 patients underwent chest X-ray examination and 1,500 of them underwent additional chest computed tomographic (CT) and three-dimensional reconstruction. Parental/guardian informed consent was obtained. This study was approved by the Institutional Review Board of Xi'an Jiaotong University School of Medicine.

Treatment
---------

### Anesthesia technique

All of the patients except three who were admitted under emergency conditions received surgical treatment after anesthesia with intravenous injection of ketamine and midazolam. The preoperative fasting time was 12 hours for solid food and 6 hours for beverage. Atropine (0.01 mg/kg body weight), which was used to reduce bronchial secretion and prevent postoperative pneumonia, was intramuscularly injected 30 minutes before surgery. During anesthesia, sevoflurane was inhaled and 1% lidocaine was applied to the inner surface of the throat.

### Surgical technique

Depending on clinical conditions, FBs were removed by various techniques, including rigid bronchoscopy, direct laryngoscopy, and tracheotomy followed by rigid bronchoscopy. The most common surgical technique applied to our patients was rigid bronchoscopy. Under general anesthesia, a rigid bronchoscope was inserted into the airway, and mechanical ventilation was reestablished by connecting an automated jet ventilation device (Aide Medical Instrument Company, Taicang, People's Republic of China) to the side arm of the rigid bronchoscope. Intraoperatively, the blood oxygen of patients was maintained \>80%. After locating the site of FB obstruction, the bronchoscope was immediately positioned above the FB. A grasping forceps was introduced to remove the FB. After the successful retrieval of the FB, the rigid bronchoscope was reintroduced to confirm the complete removal of the foreign body.

Statistical analysis
--------------------

Data analysis was performed using the SPSS Statistics 19.0 software (StataCorp LP, College Station, TX, USA). The *t*-test was used for comparison of measurement data that were presented by means ± standard deviation. Enumeration data were expressed as percentage. *P*\<0.05 was considered as statistical significance.

Results
=======

Clinical symptoms
-----------------

Overall, 72.5% of our patients with TFB were aged between 1 years and 3 years. Almost 1,105 of the 2,000 patients presented dyspnea, 653 cough, 215 hoarseness, three depression sign, cyanosis, and fever, and 27, asphyxia. Chest auscultation showed decreased or absent ipsilateral breath sounds (1,250 cases), rough breathing sounds (985 cases), rapid breathing (569 cases), and wheezing sounds (123 cases). Chest percussion revealed dullness (400 cases), dry or wet rales (56 cases), and no abnormal signs (18 cases).

Results of radiological tests
-----------------------------

All our 2,000 cases underwent chest X-ray examination. In total, 1,350 of them showed signs of foreign bodies, 630 mediastinal swing, 290 obstructive pulmonary emphysema, 225 foreign bodies combined with objective pneumonia, whereas 15 cases showed negative signs. Of the 1,500 cases undergoing three-dimensional reconstruction from chest CT, 1,215 cases (81.0%) showed direct signs of FB obstruction, which was confirmed by bronchoscopy, and 265 (17.7%) showed indirect findings of FB reported as suspicious TFB. A representative case of TFB on chest CT ([Figure 1](#f1-tcrm-11-1291){ref-type="fig"}) and X-ray ([Figure 2](#f2-tcrm-11-1291){ref-type="fig"}) imaging is shown. Twenty cases (1.3%) were misdiagnosed as bronchopneumonia (14 cases) or asthma (6 cases), which were corrected by bronchoscopy. The coincidence rate for CT-based three-dimensional reconstruction was significantly greater than that for chest X-ray examination (98.7% vs 82.0%, *P*\<0.01; [Table 1](#t1-tcrm-11-1291){ref-type="table"}).

FB type and location of obstruction
-----------------------------------

The FBs were roughly classified into four types: plant-based FBs (91.5%), bone-based FBs (1.2%), plastic and metal FBs (0.6%), and others (6.7%). The FB was encountered in the right bronchus in 1,042 cases (52.1%), the left bronchus in 782 cases (39.1%), subglottic larynx in 148 cases (7.4%), and bilateral bronchus in 28 cases (1.4%; [Table 2](#t2-tcrm-11-1291){ref-type="table"}).

Treatment outcomes and complications
------------------------------------

Of the 2,000 cases, 1,843 was removed by rigid bronchoscopy, 156 by laryngoscopy, and one case by thoracotomy ([Table 2](#t2-tcrm-11-1291){ref-type="table"}). Neither anesthesia complication nor intraoperative hypoxemia occurred. The patients underwent clinical review 1 week after surgery. Fifteen cases received second surgery to eliminate clinical symptoms of TFB. There were 15 deaths (all aged under 2 years). Causes of death included acute obstructive asphyxia (seven cases) and residual FB-induced chronic asphyxia and respiration-circulation failure (eight cases). A total of 421 cases were complicated by pneumonia and recovered 2--3 weeks after surgery. Forty cases were complicated by pulmonary atelectasis; one of them underwent lobectomy due to lung dysfunction and the other 39 cases recovered within 3 months. Additionally, there were 37 cases of laryngeal obstruction, 36 respiratory failures, 13 heart failures, 40 subcutaneous emphysemas, and 26 mediastinal emphysemas. These complications were resolved within 3 weeks after surgery.

Discussion
==========

Due to lack of molar teeth, infants and young children have poor ability of chewing. Their airway protection reflex has not been well developed. Additionally, they are highly interested in and tend to explore environmental objects with mouth.[@b9-tcrm-11-1291] These factors contribute to a high incidence of TFB in young children. In supporting this viewpoint, 72.5% of our patients with TFB were aged between 1 years and 3 years. Correct diagnosis is of paramount importance in treating inhaled FBs. Of our 2,000 patients, 1,880 had a clear history of FB aspiration, which contributed to early diagnosis of FBs. Chest X-ray tests were applied to the remaining 120 patients who did not have a history of FB aspiration. However, a negative finding on chest X-rays cannot rule out TFB diagnosis.[@b10-tcrm-11-1291] Some transparent FBs are not visible by X-ray imaging. Chest X-ray test has a relatively low sensitivity in the identification of TFBs. It has been reported that chest CT scan shows a greater diagnostic sensitivity and specificity for TFBs than chest X-ray test.[@b11-tcrm-11-1291] Consistently, our data revealed that three-dimensional reconstruction from chest CT was more powerful in diagnosing FBs than chest X-ray test. Therefore, we suggest that three-dimensional reconstruction from chest CT is useful in detecting TFBs, especially in cases without a history of FB aspiration. Among our patients, 20 cases were misdiagnosed as bronchopneumonia (14 cases) or asthma (six cases), which were corrected by bronchoscopy. Patients with TFB that is located at unilateral bronchioles causing atypical clinical symptoms are more likely to be misdiagnosed as airway infection or other diseases. The reasons for misdiagnosis mainly include 1) lack of a clear FB aspiration history, 2) negative findings on X-rays, and 3) poor experience on TFBs.

For cases with a definite diagnosis of TFB, prompt treatment usually via bronchoscopy is of importance. Anesthesia is a crucial factor affecting the procedure of bronchoscopy.[@b12-tcrm-11-1291] Because anesthesia and surgery share the airway, it is hard to control the depth of anesthesia. Under emergency conditions, immediate bronchoscopy may be performed without anesthesia. However, general anesthesia makes patients unconscious, which is accepted to be more safe and convenient for surgery. In this study, all of the patients except three who were admitted under emergency conditions underwent general anesthesia before surgery, which should block autonomous breathing and thus avoid airway spasm. No anesthesia-related complications occurred.

For children with serious complications, such as fever, acidosis, and systemic failure, it is crucial to evaluate operation risk and patients' tolerance before surgery. During operation, the airway is ventilated continuously and bright lights are needed at all the time. A bronchoscope was advanced to the trachea when the glottis is open.[@b13-tcrm-11-1291] Chest auscultation was performed frequently during surgery. Loss of breath sounds, sharp reduction of blood oxygen, and aggravated dyspnea are signs of pneumothorax, which needs to be immediately treated. For huge FBs, direct removal via bronchoscopy is not recommended; otherwise, it may lead to serious iatrogenic drama. In the current study, two cases of huge FBs were removed by tracheotomy. The first 24 hours after operation is a high-risk period that needs more attention, as long-term hypoxemia may cause cell edema, respiratory arrest, cardiac arrhythmia, or even sudden death.

Treatment of uncommon FBs is challenging. There were 16 patients with huge plastic FBs among the 2,000 patients studied. We developed several new methods and special instruments to deal with uncommon FBs. For instance, retrograde forceps are employed to remove hollow cylinder-shaped plastic FBs, and magnetic attraction is used to extract spherical metal FBs. To avoid blocking the glottis during the removal of FBs, we made incisions and exposed the pretracheal fascia without opening the trachea and afterward inserted the bronchoscope to remove FBs. Once the FB slipped or incarcerated, operators should make a tracheal incision immediately and remove the FB quickly.

Conclusion
==========

TFBs present most frequently in children aged between 1 years and 3 years. Early diagnosis and prompt treatment of TFBs with rigid bronchoscopy under general anesthesia are of significance in reducing complications and mortality in affected children.
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![A representative case of TFB (arrow) detected by chest CT scan.\
**Abbreviations:** TFB, tracheobronchial foreign body; CT, computed tomography.](tcrm-11-1291Fig1){#f1-tcrm-11-1291}

![A representative case of TFB (arrow) detected by chest X-ray examination.\
**Abbreviation:** TFB, tracheobronchial foreign body.](tcrm-11-1291Fig2){#f2-tcrm-11-1291}

###### 

Comparison of coincidence rate

                          n       Direct signs   Indirect findings   Coincidence rate (%)
  ----------------------- ------- -------------- ------------------- ----------------------
  3-D reconstruction CT   1,500   1,215          265                 98.7
  Chest X-ray             2,000   1,350          290                 82.0
  *χ*^2^                  --      --             --                  246.008
  *P*                     --      --             --                  0.000

**Abbreviations:** 3-D, three-dimensional; CT, computed tomography.

###### 

Removal methods and location of FB

                          Removal methods   Locations of obstruction                          
  ----------------------- ----------------- -------------------------- ------ ------- ------- ------
  Cases (n)               1,843             156                        1      782     1,042   148
  Constituent ratio (%)   92.15             7.8                        0.05   39.66   52.84   7.51

**Abbreviation:** FB, foreign body.
